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(54) Electroluminescent lamp 

(57) The difference of luminance between a front 
surface side and a rear surface side as viewed from the 
front surface side is reduced in a multi-layered EL. An 
EL lamp includes a first laminate (F) formed by serially 
laminating a first transparent electrode (1), a first lumi- 
nescent layer (2) and a first insulating (13) layer, a sec- 
ond laminate (S) formed by serially laminating a second 
transparent electrode (4), a second luminescent layer 
(5) and a second insulating layer (6) on the first laminate 
(F), and a rear electrode (7) formed on the second lam- 
inate (S), wherein a dielectric constant between the first 
(1 ) and second (4) transparent electrodes is set to a 
value smaller than a dielectric constant between the 



FIG.l 



second (4) transparent electrode and the rear electrode 
(7). This can be achieved by limiting the amount of a 
high dielectric material to be mixed in the first insulating 
layer (13) to not greater than 90% in terms of a weight 
ratio of a high dielectric material mixed in the second 
insulating layer (6), or by limiting the thickness of the 
first luminescent layer (13) to 130 to 250% of the thick- 
ness of the second luminescent layer (6). After the 
adjustment is made in this way, the thickness of the first 
insulating layer (13) may be set to not greater than 90% 
of the thickness of the second insulating layer (7). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This invention relates to an electroluminescent lamp (hereinafter referred to as the "EL lamp"). 

2. Description of the Related Art 



[0002] EL lamps in general allow a luminescent body inside a luminescent layer to emit rays of light by an alter- 
nately electric field by laminating the luminescent layer and an insulating layer between a transparent electrode and a 
rear electrode. A multi-layered EL is known that includes a plurality of laminates each comprising the transparent elec- 
trode, the luminescent layer and the insulating layer, and allows these laminates to emit the rays of light either inde- 
15 pendently or simultaneously in a plane of the multi-layered EL A multi-color multi-layered EL having the two-layered 
structure, that is disclosed in Japanese Patent No. 2,696,056, is one of the EL lamps of this kind. 
[0003] Generally, when the multi-layered EL comprises two layers, luminescence of one, or both, of a first laminate 
<front surface side) and a second laminate (rear surface side) constituting the EL is watched from one of the surface 
sides. Luminescence of the rear surface side is watched as luminescence passing through the laminate disposed on 
20 the front surface side. Therefore, if luminance of each laminate is equal, luminance naturally becomes different between 
the case where the front surface side is allowed to emit light and the case where the rear surface side is allowed to emit 
light. 

[0004] When the thickness of the laminate on the front surface side, for example, is decreased to reduce the differ- 
ence of luminance between the front surface side and the rear surface side of the laminates in the multi-layered EL, or 

25 to prevent as much as possible the rays of light of the rear surface side from being intercepted as by the laminate on 
the front surface side, the quantity of transmitting light on the rear surface side increases. However, because the con- 
stituent film of the laminate on the front surface side is thin, an impressed voltage of the luminescent layer on the front 
surface side increases, and luminescence of the front surface side itself increases. After all, the difference of lumines- 
cence of both laminates as watched from the front surface side cannot be decreased. When the thickness of the lami- 

30 nate on the front surface side is decreased, deterioration on the front surface side is promoted, inviting the difference 
of service life between the laminate on the front surface side and the laminate on the rear surface side. 
[0005] To solve the problems described above, the present invention makes luminance of laminates of a multi-lay- 
ered EL different between the front surface side and the rear surface side. Namely, the present invention sets a dielec- 
tric constant for emitting light on the front surface side to a value smaller than a dielectric constant for emitting light on 

35 the rear surface side so that the difference of luminance between the front surface side and the rear surface side as 
watched from the front surface side can be decreased. The present invention adjusts such a difference of the dielectric 
constants by adjusting mixing ratios of a high dielectric material to be mixed in the laminates constituting the EL on the 
front and rear surface sides, or by changing the thickness of respective luminescent layers. 

40 SUMMARY OF THE INVENTION 

[0006] An EL lamp according to the present invention comprises a first laminate formed by laminating serially a first 
transparent electrode, a first luminescent layer and a first insulating layer, a second laminate formed by laminating seri- 
ally a second transparent electrode, a second luminescent layer and a second insulating layer on the first laminate, and 
45 a rear electrode formed on the second laminate, wherein a dielectric constant between the first transparent electrode 
and the second transparent electrode is smaller than a dielectric constant between the second transparent electrode 
and the rear electrode. 

[0007] To set the dielectric constant between the first transparent electrode and the second transparent electrode 
to a value smaller than the dielectric constant between the second transparent electrode and the rear electrode, the 
so amount of the high dielectric material to be mixed in the first insulating layer is preferably not greater than 90% of the 
amount of the high dielectric material to be mixed in the second insulating layer. 

[0008] To set the dielectric constant between the first transparent electrode and the second transparent electrode 
to a value smaller than the dielectric constant between the second transparent electrode and the rear electrode, the 
thickness of the first luminescent layer is preferably 130 to 250% of the thickness of the second luminescent layer. 
55 [0009] Furthermore, the thickness of the first insulating layer is preferably not greater than 90% of the thickness of 
the second insulating layer to set the dielectric constant between the first transparent electrode and the second trans- 
parent electrode to a value smaller than the dielectric constant between the second transparent electrode and the rear 
electrode, and to improve transmission luminance of the second laminate that can be watched through the first lami- 
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nate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0010] 

I 

Fig.1 is a schematic sectional view showing a multi-layered EL in which the amount of a high dielectric material to 
be mixed in a first insulating layer (on the front surface side) is smaller than in a second insulating layer (on the rear 
surface side); 

w Fig. 2 is a schematic sectional view showing a multi-layered EL in which a first luminescent layer (on the front sur- 
face side) is formed to a thickness greater than that of a second luminescent layer (on the rear surface side); 
Fig.3 is a schematic sectional view showing a multi-layered EL in which the amount of a high dielectric material to 
be mixed in a first insulating layer is smaller than in a second insulating layer, and a first luminescent layer is formed 
to a thickness greater than that of a second luminescent layer; 

is Fig.4 is a schematic sectional view showing a multi-layered EL in which the amount of a high dielectric material to 
be mixed in a first insulating layer is smaller than in a second insulating layer, and a first insulating layer is formed 
to a smaller thickness; 

Fig.5 is a schematic sectional view showing a multi-layered EL in which a first luminescent layer is formed to a thick- 
ness greater than that of a second luminescent layer, and a first insulating layer is formed to a smaller thickness; 
20 Fig.6 is a schematic sectional view showing a multi-layered EL in which the amount of a high dielectric material to 
be mixed in a first insulating layer is smaller than in a second insulating layer, a first luminescent layer is formed to 
a thickness greater than that of a second luminescent layer, and a first insulating layer is formed to a smaller thick- 
ness; and 

Fig. 7 is a schematic sectional view showing a multi-layered EL in which a first insulating layer is omitted, and first 
25 luminescent layer is formed to a thickness greater than that of a second luminescent layer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0011] Hereinafter, EL lamps according to some preferred embodiments of the present invention will be explained 
30 with reference to the accompanying drawings. 

Embodiment 1 : 

[0012] The first embodiment of the invention is based on the concept that the amount of a high dielectric material 
35 mixed in a first insulating layer is smaller than the amount in a second insulating layer so that a dielectric constant 
between a first transparent electrode 1 and a second transparent electrode 4 can be set to a value smaller than the die- 
lectric constant between the second transparent electrode 4 and a rear electrode 7. 

[0013] The first transparent electrode 1 is formed by evaporating an indium-tin oxide (hereinafter called "ITO") on a 
polyethylene terephthalate (PET) film, as depicted in Fig. 1 . 

40 [0014] A first luminescent layer 2 is formed and laminated on the first transparent electrode 1 by laminating lumi- 
nescent ink on the upper surface of the first transparent electrode 1 by screen printing. This luminescent ink is prepared 
by mixing and stirring 60 g of a luminescent body 2a made of zinc sulfide (ZnS) doped with Cu and 35 g of a fluorocar- 
bon resin binder. The fiuorocarbon resin binder is prepared, in turn, by dissolving 1 0 g of a copolymer of vinylidene flu- 
oride and propylene hexafluoride in 25 g of 2-(2-n-butoxyethoxy)ethyl acetate as a solvent This luminescent ink is 

45 printed on the upper surface of the first transparent electrode 1 by screen printing, or like means, and is then heat-dried 
to give the first luminescent layer 2. 

[0015] The first insulating layer 1 3 is formed and laminated by printing insulating ink on the upper surface of the first 
luminescent layer 2. The insulating ink is prepared by mixing and stirring 36 g of a high dielectric material made of bar- 
ium titanate (BaTi0 3 ) and 46 g of the fiuorocarbon resin binder described above. The insulating ink is printed on the 
so upper surface of the first luminescent layer 2 and is then heat-dried to give the first insulating layer 13. 

[0016] The mixing amount (weight ratio) of barium titanate for forming the first insulating layer 13 is smaller than the 
mixing amount of a later- appearing second insulating layer. The detail will be described later. 

[0017] A first laminate F comprising the first transparent electrode 1 , the first luminescent layer 2 and the first insu- 
lating layer 13 is thus formed. 

55 [0018] Next, a second transparent electrode 4 is formed and laminated by printing transparent electrode ink on the 
upper surface of the first insulating layer 3. The transparent electrode ink is prepared by mixing an ITO crystal in an 
epoxy type binder (two-component curing type). The transparent electrode ink is printed on the upper surface of the first 
insulating layer 13 by screen printing, or the like, and is then heat-dried to give a second transparent electrode 4. 
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[0019] T h e binder tor constituting the second 

Lder (two-component curing type) ^^^'^^ resins, thermosetting resins and visible ray- 

r b Te - «*- and to the so,vent of the ink for ,orm,n9 

5? ""TS^i— iayer 5 is formed an ^^Z^^-^^ 
electrode 4 by printing luminescent ink on th • ^ u ^£'^ sulfide (ZnS) doped wtth Cu and 35 g of 
is prepared by mixing and st.rr.ng 60 g of a layer 2. The f luorocarbon resin binder is prepared 

afLrocarbon resin binder in the ^^J^^^J^SS hexaf.uoride in 25 g of 2(2-n-buthoxyethoxy)eth y i 
by dissolving 1 0 g of a copolymer of w ^ e .^^Xj r 2 . This luminescent ink is printed on the upper sur- 

£ c r £ ^ ^ ,ike means - and ,s then " t0 9ive sec " 

5 by printing insulating ink on the upper surface of the «« nd ' u ^^e (BaTi0 3 ) and 48 g of the fluorocarbon resin 
fngand stirfng 60 g of a high <^^t^£^^^ ink is printed on the upper surface ; of 
Z^Z^£ sZ Z:::™^ L « and „ then heat-dried to give the second .nsu.at- 

KST 6 ' ^ second laminate S comprising the second transparent electrode 4, the second luminescent layer 5 and 

the second insulating layer 6 is thus formed. d the upp er surface of the second insulating layer 6 by 

[0023] A rear electrode layer 7 is formed and laminate I on polyester as a binder. Incidentally, carbon 

printing carbon ink. This carbon ink is P^I * ca " alS ° be ^ 

ink prepared by mixing carbon powder, s.lver powde ran »P™^ r " electrode 1 and the second trans- 

ST When an alternate electric field to app.-ed ^^^^^ , emits the rays of light. When the 

paren e.ectrode 4 in the construction described -J^^JJ 2SS an I the rear electrode 7, the second lumi- 

alternate electric field is applied b-«^*ai^«^^*2J^ between the first transparent electrode 

nescent .ayer 5 emrts the rays of light When the ^^^U^T^ 5 emit the rays of light. 

1 and the rear electrode layer 7, the first and second ^"^^^ 6a t0 be mixed for forming the first and sec- 

, 0025] Next, the mixing amount of the h.gh d.etectr.c Jf^^ J^H. |ignt emiss ion is watched from one, or 
o"d instating layers 1 3 and 6 will be explained ^^JlS^io. side) S that together constitute 
both, of the first .aminate (front surface side) = »"J JJJ tne same light emission intensity, the difference 

the EL. as described already. Therefore, if both la m.nates F and S h ^ V p and luminance of the second laminate 

of the. transmission luminance arises ^t^^^^^M- uses the insulating ink for forming the 

5 a that is watched through the first Aminate RThereforeJ 36 g 0 f the high dielectric material 3a 
first insulating iayer 1 3 of the first lam mate F, that -nk for forming the second insulating 

and 48 g of the binder, in a weight rat.o of 3:4 as *«™ *™ of the mgh die ,ectric material 6a and 48 g of 

fayer 6 of the second laminate S is prepared by m.xm and rtmng 60 ^g of g ^ ^ ^ rf ^ 

he binder, that is, in a weight ratio of 5:4 as also ties* J^SStaSSS formed. In other words, the dielectric con- 

^00261 As described above, the mix.ng ratio of the .nsu at.ng .nk of t, 1 3 „ (high die . 
Sng layer ,3. In orn.r words. on* *«« *»m« ^^^^m „„, 2 , use me ear™ Hndsr. 



watc 

45 



is smaller. 
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Embodiment 2: 

™. second en*odUoe„, * dosed oo «ne oonoop, M ore - me dod, - - - «— 



[0028] 
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cent layer is equal to that of the second luminescent layer 5 and that the thickness is greater, in order to set the dielectric 
constant between the first and second transparent electrodes 1 and 4 to a value smaller than the dielectric constant 
between the second transparent electrode 4 and the rear electrode 7. 

[0029] The first laminate F is formed by forming and laminating serially the first luminescent layer 12 and the first 
5 insulating layer 3 on the first transparent electrode 1 as shown in Fig. 2. The second laminate S is formed by forming 
and laminating serially the second transparent electrode 4, the second luminescent layer 5 and the second insulating 
layer 6 on the first insulating layer 3 of the first laminate F. Furthermore, the rear electrode 7 is formed and laminated 
on the second insulating layer 6 of the second laminate S to give the multi-layered EL. The material for forming each 
layer of the first laminate F is exactly the same as the material used in Embodiment 1 . 
10 [0030] The first luminescent layer 1 2 will be explained in detail. After the first transparent electrode 1 is formed, the 
luminescent layer is formed using the same luminescent ink as that of Embodiment 1 in the same way as in Embodi- 
ment 1. Subsequently, the first luminescent layer 12 in Fig.2 is formed by screen-printing only the fluorocarbon resin 
binder that does not contain the luminescent body 2a. 

[0031] In the second embodiment, the mixing ratio of the high dielectric material and the binder for the insulating 
15 ink used for forming and laminating the first insulating layer 3 is the same as that of the second insulating layer 6. 

[0032] In the construction of the second embodiment, the difference of thickness exists between the luminescent 
layers 12 and 5 formed in both laminates F and S, respectively, and the dielectric constant of the first laminate F is 
smaller than that of the second laminate S. Therefore, the difference of luminance as viewed from the first laminate side 
F at the time of light emission of both laminates F and S can be improved much more than in the prior art devices. 
20 [0033] Fig. 3 shows a modified embodiment that is achieved by adding the concept of the first embodiment to the 
concept of the second embodiment. The amount of the high dielectric material mixed in the first insulating layer is 
smaller than the amount of the high dielectric material mixed in the second insulating layer. In addition, the ratio of the 
luminescent body of the first luminescent layer is equal to that of the second luminescent layer 5 but the thickness is 
smaller. In consequence, the dielectric constant for the first laminate F can be made further smaller, and the transmis- 
25 sion factor of the first laminate F can be improved. In this case, each layer is formed by using the same material and by 
the same method as in the first and second embodiments. 

Embodiment 3: 

30 [0034] The third embodiment is based on the concept different from those of the first and second embodiments. 
This embodiment makes it possible to set the dielectric constant between the first transparent electrode 1 and the sec- 
ond transparent electrode to a value smaller than the dielectric constant between the second transparent electrode 4 
and the rear electrode 7. This embodiment is based on the concept that a greater quantity of light emitted by the second 
laminate S itself is allowed to transmit through the first laminate F. 

35 [0035] The first luminescent layer 2 and the first insulating layer 23 are serially formed and laminated on the first 
transparent electrode 1 to give the first laminate F as shown in Fig. 4. The second transparent electrode 4, the second 
luminescent layer 5 and the second insulating layer 6 are serially formed and laminated on the first insulating layer 23 
of the first laminate F to give the second laminate S. The rear electrode 7 is formed and laminated on the second insu- 
lating layer 6 of the second laminate S to give the multi-layered EL. The material for forming each layer of the first lam- 

40 inate F is the same as that of the first embodiment. 

[0036] The first insulating layer 23 will be explained in detail. The first insulating layer 23 is formed after the forma- 
tion of the first luminescent layer 2 by using the same insulating ink as the insulating ink used for the first insulating layer 
13 of the first embodiment. Namely, this insulating ink has a smaller mixing amount of the high dielectric material than 
in the insulating ink for the second insulating layer 6 to be formed subsequently. Furthermore, the first insulating layer 

45 23 is formed by screen printing to a film thickness smaller than that of the first insulating layer 13 of the first embodi- 
ment. 

[0037] In the EL in general, the electrostatic capacitance is likely to increase when the insulating layer is thinner, 
and luminance is likely to become higher. In the embodiment shown in Fig. 4, however, the mixing amount of the high 
dielectric material of the first insulating layer 23 is smaller than in the second insulating layer 6. Therefore, luminance of 

so the first laminate F does not necessarily become higher even when the insulating layer is thinner. In the multi-layered 
EL, transmission luminance on the rear surface side through the front surface side that has a smaller thickness 
becomes higher. In other words, the effect that the difference of luminescence between the front surface side and the 
rear surface side as viewed from the front surface side decreases can be expected. Therefore, the effect of the concept 
of this third embodiment can be expected most greatly when the insulating layer is formed to a small thickness in the 

55 laminate on the front surface side. 

[0038] The first luminescent layer 12 and the first insulating layer 33 are serially formed and laminated on the first 
transparent electrode 1 as shown in Fig. 5 on the basis of the concept of the third embodiment. The second transparent 
electrode 4, the second luminescent layer 5 and the second insulating layer 6 are formed and laminated serially on the 
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first mating layer 33 of the first laminate F. The rear e.ectroc . 7 ~ ^ l^of SSS 
ing layer 6 of the second laminate S to g,ve the ™ , ^W^^J r Jj^Sn d embodiment. The first insulating 
laminate F, the first luminescent layer 12 uses the second insulating layer 6, but is 

, ay er 33 has the same mixing amount of the ^ the same as those of the first embodiment, 

formed to a smaller thickness by printing. The other layers arc exactly tne aa thickness, but lumines- 

SHi* a, viewed from .he front sorfec, ski. deen«s« |«r 4 ana 5 ,„ ^ 

H, f r^srzs as ia^sssr-. u — — — - - - 

EL and a transmission factor (%) of the first laminate F. 
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30 



35 



40 



45 



50 



Table 1 

Luminance (cd/m 2 ) (100 V, 400 Hz) 




[0044, As expiained above, the present invention^ ^^^^^^^^^ 
nance between the front surface side ™ d £ e a ^^ EL. 
dielectric constants on the front surface side and th e rean u ^ *« " £ t ^ of tne hign die ,ectric material 

[0 O45] The dtfference of luminescence can ^T^^^* 8 ^^ of the luminescent layers. 

factor on the front surface side. 



Claims 



55 1 . An EL lamp comprising: 

a first .aminate formed by serially laminating a first transparent e.ectrode. a first .uminescent layer and a first 



insulating layer; 
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a second laminate formed by serially laminating a second transparent electrode, a second luminescent layer 
and a second insulating layer on said first laminate; and 
a rear electrode formed on said second laminate; 

wherein a dielectric constant between said first transparent electrode and said second transparent electrode is 
set to a value smaller than a dielectric constant between said second transparent electrode and said rear elec- 
trode. 

An EL lamp according to claim 1 , wherein a high dielectric material mixed in said first insulating layer is not greater- 
than 90% in terms of a weight ratio to a high dielectric material mixed in said second insulating layer. 

An EL lamp according to claim 1 or 2, wherein the thickness of said first luminescent layer is 130 to 250% of the 
thickness of said second luminescent layer. 

An EL lamp according to claim 2 or 3, wherein the thickness of said first insulating layer is not greater than 90% of 
the thickness of said second insulating layer. 
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